The molecular mechanisms of erectile dysfunction with aging are unclear. Recent studies have suggested that growth factors may play a role in the etiology of erectile dysfunction. This present study was designed to test the hypothesis that gene expression of various growth factors such as TGFa, TGFb1, TGFb2, TGFb3, IGF and NGF modulate with aging in rat penile tissues. For this purpose, total RNA was extracted from young and old rat penile tissues and the gene expression for these growth factors was determined by differential reverse-transcriptase-polymerase chain reaction (RT-PCR) using speci®c oligonucleotide primers. mRNA levels of growth factors were quanti®ed by using b-actin as an internal standard. The results of these experiments suggest that: (1) young and old rat penile tissues expressed mRNA transcripts for TGFa, TGFb1, TGFb2, TGFb3, IGF and NGF; (2) TGFb1 gene expression was signi®cantly increased in old rat penile tissues as compared to young; (3) mRNA transcripts for NGF and TGFb3 were signi®cantly lower in old rat penile tissues as compared to young; and (4) TGFa, TGFb2 and IGF mRNA expression did not change in young and old rat penile tissues. These results suggest that the differential gene expression for various growth factors in young and old rat penile tissues may be important in understanding the pathophysiology of erectile dysfunction associated with aging.
Introduction
Prior studies have shown that more than 50% of men have erectile dysfunction by the age 75 y. 1 Although more frequent occurrences of the systemic disease and greater intakes of medication are often associated with older men, the aging process itself undoubtedly plays a signi®cant role in the development of erectile dysfunction. Penile erection is maintained by a delicate balance between the contraction and relaxation of cavernous smooth muscle (CSM) in the penis. In the¯accid penis, norepinepherine (NE) from sympathetic nerve terminals and endothelin from endothelium are released and resulting in CSM contraction. 2 Relaxation of CSM is obtained through the nonadrenergic noncholinergic (NANC) pathways leading to the release of nitric oxide (NO), which activates guanylate cyclase (GC) to produce cyclic GMP. 3 In the tonically contracted penis, a critical threshold of CSM relaxation must be reached to achieve penile rigidity. Insuf®cient relaxation or heightened CSM tone reduces normal arterial blood¯ow and results in incomplete penile erection. In vitro studies of CSM from men diagnosed with organic erectile dysfunction (ED) have suggested that the response to phenylephrine (PE) is different between young and old men. 4 The CSM from older men experienced a signi®cantly greater degree of PE-induced contractions than that for younger men. 4, 5 The cellular and molecular mechanism of this phenomenon, however, is still unknown. In this regard, several studies have shown that altered expression of growth factors is associated with development and aging. 5, 6 Recent studies have shown that TGFb1 is the most potent mitogen of all growth factors and the levels increase with age. 5 In situ hybridization analysis revealed presence of TGFa mRNA in adult mouse brain 7 suggesting a possible autocrine or paracrine regulatory action in brain development. 8 Studies of expression of TGFb1 and TGFb2 in adult and fetal, neonatal rabbit skin analyzed by immunohistochemistry showed that TGFb1 and b2 expression is intense during early stages of development of morphogenesis and appendage formation and less intense when skin growth predominates. Similarly, levels of NGF decrease with age. 9, 10 NGF has a signi®cant role in the regeneration of injured dorsal root ganglion in older animals.
Based on the published studies, we have hypothesized that various growth factors may be associated with erectile dysfunction. 11 However, the mRNA expression of various growth factors in aging rat penile tissue has never been reported. This present study was designed to investigate the gene expression of TGFa, TGFb1, TGFb2, TGFb3, IGF and NGF in young and old rat penile tissues.
Materials and methods

Tissue collection
Thirty-four male rats (18 young, 6±8 months; 16 old, 24±30 months) were used in this study. Penile samples were obtained from these animals and fresh frozen in liquid nitrogen until processed for RNA extraction.
Histology and erectile dysfunction
In a recent study 12 we measured the erectile function of young and old rats and found that the intracavernous pressure in response to papaverine is signi®cantly lower in older rats as compared to young (18 cm vs 41 cm H 2 O) rats. Histological ®ndings suggest that there is 28% smooth muscle ®bers in a young rat penis as compared to 15% in an older rat penis. The ratio of smooth muscleacollagen is lower in the older rat penis as compared to a young rat, because the smooth muscle ®bers decrease with age, as the penis becomes ®brotic 12 
RNA isolation
Young and old rat penile tissues were homogenized in 0.5 ml RNA STAT-60 isolation reagent (Tel-Test B' Inc., Friendswood, TX) in a 1.5 ml microfuge tube and total RNA was extracted following chloroform, isopropanol and 75% ethanol treatment (per Tel-Test`B' Bulletin No. 1). RNA was resuspended in 100 ul DEPC-treated H 2 O and quantitated by spectrophotometry; samples had a 260 out of 280 absorbance ratio greater than 1.8. 13, 14 Reverse transcriptase (RT) reaction
In order to examine the gene expression of various growth factors such as TGFa, TGFb1, TGFb2, TGFb3, IGF and NGF, total RNA was extracted from young and old rat penile tissues. In a 50 ul reaction, 1 ug of total RNA was precipitated and dried in a DEPCtreated thin-walled PCR reaction tube (Perkin Elmer, Foster City, CA) and resuspended in DEPC-treated H 2 O. The RNA was heated to 75 C for 3 min and immediately placed on ice to remove secondary structure formation. The reverse transcriptase reaction was carried out by adding 160 ng random hexamer primers (Life Technologies, Gaithersburg, MD), 0.1 mM dNTP mixture (equal amounts dATP, dCTP, dGTP, dTTP (Perkin Elmer)), 40 units RNasin ribonuclease inhibitor (Promega Corp. Madison, WI), 200 units SuperScript II reverse transcriptase (Life Technologies) in 1X PCR Buffer, (10 mM TrisHCl, 1.5 mM MgCl 2 , and 50 mM KCl, pH 8.3 (Perkin Elmer)). Before adding the enzyme reverse transcriptase, the reaction tubes were heated to 37 C for 2 min. The reaction was carried out at 37 C for 1 h followed by 5 min of heating at 95 C to destroy the enzyme and RNA. 15, 16 Differential RT PCR When all primers were added at the beginning of the reaction, ampli®cation was linear over 25 cycles for all growth factor genes. For quantitation, we used bactin as internal standard in each tube as baseline gene expression for that sample. b-actin reached a plateau at twenty-®fth PCR cycle and to prevent this problem, we added b-actin primers at the 12th PCR cycle and the concentration of b-actin primers was about 1a10 of the growth factor gene primers. 15 
PCR ampli®cation
The ul of the RT reaction was ampli®ed in a 100 ul reaction in a thin-walled PCR reaction tube (Perkin Elmer) in 1X PCR Buffer, (10 mM Tris-HCl, 1.5 mM MgCl 2 , 50 mM KCl, pH 8.3 (Perkin Elmer), using 2.5 units AmpliTaq polymerase (Perkin Elmer), 0.55 ug TaqStart antibody (Clontech, Palo Alto, CA), 0.2 mM sense and antisense primers, 0.4 mM dNTP mixture (equal amounts of dATP, dCTP, dGTP, dTTP (Perkin Elmer)); the reaction was performed in either a PTC-150 or PTC-100 Programmable Thermal Controller (MJ Research, Inc., Watertown, MA). Cycle parameters were generally a 40 s melting step at 94 C, a 45 s annealing step and a 90 s extension step at 72 C, and 35 cycles were used per ampli®cation except as noted. Annealing temperatures were as follows: 64 C: TGFb1, TGFb2, TGFb3, 66 C: TGFa; 68 C IGF and NGF. PCR products were electrophoresed on a 2% SeaKem LE agarose gel (FMC BioProducts, Rockland, MA), stained with 0.5 ugaml ethidium bromide (Fisher Scienti®c, Pittsburgh, PA) and visualized and photographed on a UV transilluminator (Fisher Scienti®c) using a 100 bp ladder (Life Technologies) as the DNA standard. The results for the primer sequences for various growth factors and their receptors are given in Table 1 .
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Results
TGFa mRNA transcripts in young and old rat penile tissues Figure 1 shows the expression of TGFa mRNA transcripts in young and old rat penile tissues using RT-PCR technique and speci®c oligonucleotide primers (Table 1) . TGFa mRNA transcripts were the same in older and young rat penile tissue.
TGFb1 mRNA expression in young and old rat penile tissues Figure 2 shows the TGFb1 mRNA transcripts in young and old rat penile tissues using differential RT-PCR with speci®c oligonucleotide primers. There was a signi®cant increase in the expression of TGFb1 mRNA in old rat penile tissues as compared to young rat penile tissues. TGFb1 mRNA levels in penile tissues of the young rat was very low (sometimes could not be detected).
TGFb2 mRNA expression in young and old rat penile tissues Figure 3 shows the TGFb2 mRNA transcripts in young and old rat penile tissues using differential RT-PCR with speci®c oligonucleotide primers.
There was no signi®cant change in the expression of TGFb2 mRNA in old and young rat penile tissues.
TGFb3 mRNA expression in young and old rat penile tissues Figure 4 shows the TGFb3 mRNA transcripts in young and old rat penile tissues using RT-PCR with speci®c oligonucleotide primers. TGFb3 mRNA expression was decreased in the old rat penile tissues as compared to the young rat penis. 
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IGF mRNA expression in young and old rat penile tissues Figure 5 shows the IGF mRNA transcripts in young and old rat penile tissues using differential RT-PCR with speci®c oligonucleotide primers. There was no change in the expression of IGF mRNA in young and old rat penile tissues.
NGF mRNA expression in young and old rat penile tissues Figure 6 shows the NGF mRNA expression in young and old rat penile tissues. There was a signi®cant decrease in the expression NGF mRNA in old rat penile tissues as compared to young penile tissues.
Discussion
In this present study, we have shown that there is a differential mRNA expression for various growth factors in aging rat penile tissues. The ®rst important ®nding of these experiments was that TGFb1 was higher in old rat penile tissues as compared to the young rat penis. Under normal conditions, TGFb maintains cell numbers by directly inhibiting cell proliferation and by controlling the potent mitogenic actions of platelet-derived growth factor (PDGF), a companion cytokine. TGFb also regulated the amount of extracellular matrix (ECM) by balancing new synthesis and deposition of ECM by degradation and removal with proteases. In a study of primary cultures of human corpus cavernosum smooth muscle cells, Moreland 17 noted the expression of mRNA for TGFb1 and receptors for all three types of TGFb. In this present study, TGFb1 mRNA expression was signi®cantly higher in old rat penile tissues as compared to young rats suggesting that TGFb1 may cause or mediate erectile dysfunction in older rats. However, there were signi®cantly lower TGFb3 mRNA transcripts in the older rat penile tissue, which may contribute to the changes in aging penile tissue through a currently unknown mechanism.
In exploring the pathogenesis of cavernous ®brosis, Nehra et al 18 evaluated 24 impotent patients with diffuse trabecular structure alterations, and who underwent penile prosthesis insertion. They also performed molecular biological studies (ribonuclease protection analysis, reverse transcriptionpolymerase chain reaction assay for expression TGFb1 mRNA, and protein af®nity labelling techniques for speci®c transforming growth factor-beta receptors) in representative patients with high (39± 43%), intermediate (30±37%) and low (13±29%) trabecular smooth muscle content (normally 42± 50%). Patients representative of all three subgroups had transforming growth factor-beta 1 mRNA, auto- Growth factors and erectile dysfunction R Dahiya et al induction of transforming growth factor-beta 1 mRNA and induction andaor increased availability of all three types of transforming growth factor-beta receptors. They conclude that the pathophysiology of structurally based corporeal veno-occlusive dysfunction is related to elevated corporeal connective tissue content. They postulate that corporeal ®brosis develops secondary to abnormalities in the regulation of collagen synthesis and degradation, most likely associated with adverse in¯uences of chronic ischemia. Our previous electron microscopic examination revealed atrophy of cavernous smooth muscle and increased ®brosis in many impotent older men where TGFb1 was elevated. 19 If TGFb is either over or underproduced, or if its actions are dysregulated, major changes in cell number or ECM can occur that may result in various pathologic conditions such as excessive ®brosis in the skin, liver, kidney, lung, and arteries. It is possible that higher level of TGFb1 in the older rat may cause erectile dysfunction through excessive ®brosis and ECM production.
The second important ®nding of this study was the decrease in mRNA expression of nerve growth factor (NGF) in the older rat penile tissues as compared to the young rat penis. In this regard, Te et al 20 studied rat penile extracts to evaluate expression of nerve growth factor-beta (b-NGF)-mRNA, nerve growth promoting activity and the amount of b-NGF protein in young and adult rats. They showed that the neurotrophin NGF is expressed in the rat penis at levels consistent with its expression in other peripheral tissues. NGF is present in sympathetic and sensory nerves of the peripheral nervous system and in the area from the forebrain to the cerebral cortex in the central nervous system. In the sensory nerves, however, NGF decreases after birth. 21 Levels of NGF decrease with age. 9,10 NGF has a signi®cant role in the regeneration of injured dorsal root ganglion in aged animals. They can induce sprouting of axotemised cholinergic neurons and promote regeneration of these neurons into new grafts irrespective of age. Therefore, NGF can be used in nerve grafts. 9, 10 Though NGF decreases with age, it is not the only limiting factor in neuronal growth and survival. However, they are indirectly responsible for the neurodegenerative diseases of the elderly. 10 This present study suggests that lower levels of NGF mRNA transcript in penile tissues may limit neuronal growth and survival and induce erectile dysfunction associated with aging.
When administered as a puri®ed protein or by means of gene transfer to the basal forebrain, NGF stimulates functional recovery of cognitive impairments associated with aging. 22 NGF has the ability to induce regrowth in sympathetic neurons innervating aging target tissues. Therefore, age-related neuronal atrophy may be due to reduced synthesis or availability of target derived neurotropic factors. 23 NGF moderates the induction of other trophic factors which in turn might potentially produce a sprouting response of noncholinergic ®bers that ameliorate the cognitive defect in impaired aged rats. 24 NGF appears to in¯uence function maturation of the portion of cholinergic system involved in the regulation of locomotor activity. In this present study, low levels of NGF gene expression in aging rat may modulate cholinergic system, which is associated with erectile dysfunction. Oral administration of a stimulator of NGF synthesized in vitro, leads to recovery of memory in older rats. 10 Low levels of NGF mRNA expression in aging rat penile tissues may alter several possible mechanisms mentioned before which in turn may cause erectile dysfunction.
The third important ®nding of these experiments was that TGFa, TGFb2, and IGF gene expression was the same in the young and older rat penile tissues. There are no reports on the expression of these growth factors gene in the aging rat penile tissues. In other organs, Derynck, 25 has shown that TGFa is produced in cultured human keratinocytes and helps in wound healing. However, their levels are unaffected by cellular aging. 6 Further studies are needed to elucidate the mechanisms of differential expression of these growth factor genes in ageassociated erectile dysfunction.
Conclusions
The results of these experiments suggest that differentially expressed mRNA transcripts for TGFa, TGFb1, TGFb2, TGFb3, IGF and NGF in young and older rat penile tissues may be important in understanding the pathophysiology of impotence associated with aging.
Signi®cance and future plans
The most signi®cant ®nding of this study is that TGFb1 gene expression was signi®cantly increased in the older rat penile tissues as compared to the young rat. mRNA transcripts for NGF and TGFb3 were signi®cantly lower in the older rat penile tissues as compared to the young rat. This differential expression of NGF, TGFb1 and TGFb3 may be important in the pathogenesis of age-associated erectile dysfunction. Further studies are required to con®rm these ®ndings in the human.
